60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

T

BIES 4

Hagiwara S, Iwasaka H, Togo K, Noguchi T: A neutrophil elastase inhibitor, sivelestat, reduces lung injury
following endotoxin-induced shock in rats by inhibiting HMGB1, Inflammation 2008; 31: 227-34

Hagiwara S, Iwasaka H, Uchino T, Noguchi T: High mobility group box1 reduces a negative inotropic effects
on the left ventrele in an isolied rat heart model of septic shock: a pilot study. Circ J. 2008;72:1012-7

Hagiwara S, Iwasaka H, Hasegawa A, Asai N, Noguchi T: High-dose intravenous immunogulobulin G
improves systemic inflammation in a rat model of CLP-induced sepsis. Intensive Care Med. 2008; 34: 1812-9

Hagiwara S, Iwasaka H, Hidaka S, Hishivama S, Nguchi T: Danaparoid sodium inhibits systemic
inflammation and prevents endotoxin-induced acute lung injury in rats. Crit Care 2008; 12 : R43 Epub 2008
Apr2

. Hagiwara S, Iwasaka H, Shingu C, Noguchi T: Comparison of effects of total enteral versus total parenteral

nutrition on ischemic/reperfusion-induced heart injury in rats. Eur Surg Res 2008; 40: 361-7

Hagwara S, Iwasaka H, Shingu C, Noguchi T: Effects of enteral versus parenteral nutrition on inflammation
and cardiac function in a rat model of endotoxin-induced sepsis. Shock 2008; 30: 280-4

Hagiwara S, Iwasaka H, Matsumoto S, Noguchi T: High dose antithrombin 111 inhibits HMGBI and
improves endotoxin-induced acute lung injury in rats. Intensive Care Med 2008; 34: 361-7

Hagiwara S, Iwasaka H, Matsumoto S, Noguchi T: Effects of enteral versus parenteral nutrition on
LPS-induced sepsis in a rat model. J Surg Res 2008; 145: 251-6

LEE— NKTHEOFEN, MEEBEBRIEEREENKTHR, BEFOHDI  2252): 151-155,
2008

Into T, Inomata M, Nakashima M, Shibata K, Hicker H, Matsushita K: Regulation of MyD88-dependent
signaling events by S-nitrosylation retards Toll-like receptor signal transduction andinitiation of acute-phase
immune responses. MolCell Biol 2008, 28: 1338-1347.

Kanno Y, Into T, Lowenstein CJ, Matsushita K: Nitric oxide regulates vascular calcification by interfering
with TGF- signalling. Cardiovasc Res 2008, 77:221-230.

Tohara K, Zheng L, Wake H, Ito M, Nabekura J, Wakita H, Nakamura H, Into T, Matsushita K, Nakashima
M: A novel stem cell source for vasculogenesis in ischemia: subfraction of side population cells from dental

pulp. Stem Cells 2008, 26: 2408-2418.



IV, WF 58 ik R @ H 17 9 - Bl kol



Early Pulmonary Resection for Mycobacterium
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Background. The purpose of this study was to exam-
ine the postoperative outcomes of patients with Myco-
bacterium avium complex (MAC) lung lesions persist-
ing despite treatment with multiple antibiotics.

Methods. Patients with localized pulmonary lesions
persisting despite extensive state-of-the art antimicro-
bial chemotherapy became candidates for surgical re-
section. Twenty-two patients who were expected to
retain sufficient postoperative pulmonary function
were included in this study. These patients received
chemotherapy for 2 to 37 months (mean, 17). Surgical
procedures were lobectomy (n = 15), segmentectomy (n
= 4), and partial lung resection (n = 6). Three patients
underwent bilateral resections.

Results. Mycobacterium avium complex causing
bronchiectasis or cavitary lesions was detected preop-
eratively in all 22 patients. There was no major oper-
ative morbidity or mortality. Postoperative chemother-
apy was continued for 6 to 35 months. All patients were
alive and well at follow-ups ranging from 6 to 164

'I'he detection of nontuberculous mycobacterial lung dis-
eases has improved as a result of advances in diagnos-
tic methods [1, 2]. Mycobacterium aviimn and Mycobacterium
intracellurare, generally referred to as the Mycobacterium
avium complex (MAC), are the most common in Japan.
Although MAC has been treated with multiple drugs,
including clarithromycin or levofloxacin, cure with medica-
tions alone remains difficult to achieve, especially in pa-
tients with cavitary or bronchiectatic lesions. Therefore,
surgical resection continues to play an important role in the
management of this disorder. The aim of this study was to
retrospectively examine the outcomes of patients who un-
derwent pulmonary resections for MAC disease.
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months (median, 46). Both vital capacity and forced
expiralory volume in 1 second after surgery were
maintained at 89% and 84% of the preoperative values,
respectively. Mycobacterium avium complex disap-
peared from sputum after surgery in all patients. In 1
patient, 4 months after resection of a cavitary lesion,
MAC-positive sputum presumed to be from the con-
tralateral lung lesion became negative during contin-
uation of chemotherapy. -

Conclusions, The long-term outcomes of patients op-
erated on for MAC resistant to antimicrobial chemo-
therapy were excellent. For such patients, we recom-
mend surgery before the disease becomes exceedingly
advanced and nonresectable. Additionally, in exten-
sive disease, the excision of large cavitary bacterial foci
may assist the medical management of contralateral
lesions.

(Ann Thorac Surg 2006;81:2026-30)
© 2006 by The Society of Thoracic Surgeons

Patients and Methods

This study was carried out in accordance with the guide-
lines set by the Japanese Ministry of Health, Labor, and
Welfare. The Institutional Review Board approved this
study, and informed consent was waived. Surgical and
medical records of all patients who underwent pulmonary
resection for MAC pulmonary disease between January 1,
1990, and July 31, 2005, at Keio University Hospital were
reviewed. Smears, cultures, and polymerase chain reaction
examinations of sputum or bronchial washings were per-
formed before surgery. Samples submitted to the microbi-
ology laboratory were concentrated and decontaminated by
standard methods. Smears were screened by both the
fluorochrome method and Ziel-Nielsen staining. At the
same time, samples were tested by an Amplicor Mycobac-
terium DNA detection kit (Roche Diagnostics, Tokyo, Ja-
pan), and cultured in a liquid medium (BBL MGIT; Becton
Dickinson, Franklin Lakes, New Jersey). Microdilution an-
timycobacterial susceptibility test, BrothMIC, (Kyokuto

0003-4975/06/$32.00
doi:10.1016/j.athoracsur,2006,01.031
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Table 1. Clinical Characteristics of Patients

WATANABE ET AL
MYCOBACTERIUM AVIUM COMPLEX LUNG LESIONS

2027

Age
(years)/ Diagnostic Pretreatment Main Posttreatment  Outcomes
Patient  Sex Manifestation (Duration, Months) Lesion Surgical Procedure  (Duration, Months) (Months)
1 34/M  Hemoptysis INH+RFP+EB 20 Ectasis R Low Lobectomy INH+RFP+EB 6 164A
2 51/W CXR INH+RFP+CAM+OFLX Ectasis* R Mid Lobectomy+Up INH+RFP+CAM 6 101A
30 Wedge / L lingula
segmentectomy+Up
Wedge
3 59/W  Hemoptysis CAM 12 Ectasis* R Mid lobectomy +Up RFP+CAM 12 7BA
Wedge
4 UMW CXR INH+RFP+CAM+LVFX 6 Cavity R w: Wedge/L Up INH+RFP+CAM+  73A
edge LVFX 7
5 61/W  Cough, sputum RFP+INH+CAM 20 Ectasis* R Mid Lobectomy+56  INH+RFFP+CAM 7 B9A
Wedge
6 49/W CXR, hemoptysis INH+RFP+EB 24 Cavity R 52segmentectomy  CAM+EB? 61A
7 57/M  Sputum RFP+EB+CAM 6 Ectasis R Low Lobectomy RFP+EB 3 59A
8 61/W CXR LVFX+CAM 15 Ectasis' R Mid Lobectomy CAM+LVFX 6 59A
9 55/W  Sputum INH+RFP+CAM 7 Ectasis  RS6 segmentectomy+Up LVFX 6 59A
Wedge
10 52/W CXR CAM+LVFX 7 Ectasis* L Up Wedge/R Mid CAM+LVFX 5 S51A
Lobectomy+Up
Wedge
1 59/W  Sputum RFP+EB+CAM+SPFX 37 Cavity R Up Lobectomy+Low RFP+EB+CAM+ 46A
Wedge SPFX_35
12 41/M  CXR INH+RFP+EB 24 Cavity R Up Lobectomy INH+RFP+EB_6 46A
13 63/IM  CXR EB+RFP+CAM 12 Cavity R Up Wedge EB+RFP+CAM 6 46A
14 77/M  Cough, sputum  INH+RFP+EB 2 Ectasis R Up Wedge INH+RFP+EB 6 36A
15 72/W  CXR CAMB Ectasis® R Mid Wedge CAM 6 23A
16 58/M CXR EB+RFP+CAM 20 Cavity R 51,2 segmentectomy CAM 6 2A
17 53/W  Hemoptysis CAM 33 Ectasis® R Mid Lobectomy CAM 9 20A
18 7M. CXR EB+RFP+CAM+LVFX 14 Cavity R Up Lobectomy EB+RFP+CAM+ 194
LVFX &
19 54/W  Hemopltysis INH+RFP+EB+SM+ Cavity R Mid Lobectomy+Low CAM 6 16A
PZA24_CAM32 Wedge
20 60/W  Sputum EB+RFP+CAM+LVFX+  Ectasis® R Up+Mid Lobectomy EB+RFP+CAMSE 15A
KM24
21 7IIW  CXR CAM+LVFX 20 Ectasis® R Mid Lobectomy+ 56 CAM 6 A
segmentectomy
2 30/W  CXR EB+RFP+CAM+LVFX+ Ectasis R Up Lobectomy CAM 6 6A
5M 14
* Middle lobe or lingular type.
A = alivee CAM = clarithromycing EB = eth INH = § id; KM = L=

left  Low = lower lobe:
right  RFP = rifampicin;

LVFX = |
SM = streptomyein;

Pharmaceutical Industrial, Tokyo, Japan) was performed to
examine drug sensitivity in 9 recent cases. Minimum inhib-
itory concentrations of 10 drugs were measured.

The surgical indications in this series of patients were
(1) MAC disease refractory to multiple drug therapy,
including clarithromycin, rifampicin, ethambutol, or
levofloxacin; (2) localized pulmonary lesions; and (3)
sufficient predictive postoperative pulmonary function.

Results

Patient Population
Between January 1, 1990, and July 31, 2005, pulmonary
resections for MAC were performed in 15 women and 7

CXR = chest roentogenogram;
evofloxacik M = man;  Mid = middle lobe;
SPFX = yuparfloxacin;

OFLX = ofloxacilic ~ FZA = pirazinamid; R =
Up = upper lobe: W = woman; Wedge = wedge resection.

men ranging in age between 30 and 77 years (mean, 54).
The main characteristics of the patient population are
shown in Table 1. No patients suffered from immunode-
ficient disorders, such as human immunodeficiency vi-
rus. One patient, however, had primary lung cancer
combined with MAC pulmonary disease. All patients
underwent lung resection to treat MAC disease and not
for diagnostic purposes.

Preoperative Condition and Chemotherapy

Ten asymptomatic patients with abnormal findings on
chest roentgenograms at health maintenance examina-
tions were diagnosed with MAC disease. The other 12
patients had symptoms, including productive cough in 6
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Table 2. Results of Pulmonary Function Test Before and After Surgery

Total Cases (n = 18)

Lobectomy* (n = 11)

Before Surgery After Surgery p Value Before Surgery After Surgery p Value
Vital capacity (L) 3.08 = 0.77 174 = 084 0.0001 298 = 0.68 273 =08 0.007
Percent vital capacity (%) 94 £ 11 2312 0.02 95.6 = 103 913 = 144 021
FEV1.0 (L) 234 = 067 1.97 = 065 0.0001 233 = 0.78 1.98 = 0.70 0.0003
FEV1.0% (%) 724x207 736 =108 0.82 702 =259 740 = 126 0.67
* Lobectomy includes both lob and wider
FEV = forced expiratory volume.
and hemoptysis in 6. All patients had either a cavitary or ~ Surgical Procedures and Pathology

a bronchiectatic lesion on chest computed tomography
(CT). The lesions were predominantly cavities in 8 and
predominantly bronchiectasis in 14 patients. In 9 women,
the lesions were in the middle lobe or the lingular
segment, that is, the so-called middle lobe or lingular
type.

The MAC infections were confirmed in all patients
from cultures or MAC-polymerase chain reaction meth-
ods performed in sputum or bronchoalveolar lavage fluid
before surgery, according to the criteria of the American
Thoracic Society [3]. All patients had received preopera-
tive medications for 2 to 37 months (mean, 17). Clarithro-
mycin was administered in 18 patients, combined with a
new quinolone agent such as levofloxacin, ofloxacin or
sparfloxacin in 9, and with rifampicin and ethambutol in
6 patient. Single-drug therapy was performed in 3 pa-
tients because they refused combined drug therapy be-
cause of adverse effects. In 9 recent cases, drugs were
selected according to the results of microdilution antimy-
cobacterial susceptibility test.

The performance status at the time of surgery was 0 in
19 patients and 1 in 3 patients.

Medical Therapy in Our Hospital

The outline of MAC medical therapy at the outpatient
clinic of internal medicine in the recent 5-year period is
as follows. Patients who were found at health screen-
ings without symptoms were followed up for 3 to 6
months at the outpatient clinic. If the findings on chest
roentgenogram worsened during this period, chemo-
therapy was started even in asymptomatic patients.
Twenty-five patients with primary MAC disease were
treated in our hospital during this 5-year period. Two
patients had cavitary lesions, and other patients had
bronchiectatic lesions or granular shadows. Each pa-
tient was treated by rifampicin, ethambutol, clarithro-
mycin, and levofloxacin basically, The findings of spu-
tum culture converted from positive to negative in 20
patients within 6 months. In the other 5 patients, the
sputum culture remained positive, and consequently,
these 5 patients underwent pulmonary resection.
(Note: 5 of these 22 patients who underwent surgery
are included in this study. The other patients in this
study were referred to us from other facilities after
receiving initial medical therapy.)

Bilateral lung resections were performed in 3 patients,
including sequential bilateral resections within 1 day in 1
patient (no. 4). Resections of multiple lung regions were
performed in 10 patients. The primary surgical proce-
dures consisted of lobectomy in 14, bilobectomies in 1,
segmentectomy in 4, and wedge resection of the lung in
6 patients. All wedge resections were performed using
stapling devices. In 1 patient with lung cancer, the tumor
was excised by left lower lobectomy, and partial resection
of the upper lobe was performed for MAC. Wedge
resection was performed by thoracoscopy using three
ports in 3 patients. Lobectomy was performed assisted by
thoracoscopy in 1 patient. We limited the thoracoscopic
procedures to cases with small lesions because direct
palpation is important to secure enough surgical margin
in MAC patients. Thoracoplasty was performed in 1
patient (no. 11), with right upper lobectomy, because of
insufficient expansion of remaining middle and lower
lobes and existence of large postresectional pleural
space.

Microscopic findings showed granulomatous inflam-
mation with necrosis in all cases. In all surgical speci-
mens, MAC was confirmed by microbiological methods
including polymerase chain reaction.

Postoperative Follow-Up

Patients after surgery received follow-up every 3 or 4
months. Chest roentgenographic finding was checked in
every patient. Smears, cultures, and polymerase chain
reaction examinations of sputum were performed in
patients with sputum. There was no postoperative mor-
tality or major complication. One patient needed home
oxygen therapy soon after discharge, but it was discon-
tinued 2 months after surgery. All patients were alive 6 to
164 months after surgery. The median survival was 46
months. The results of postoperative pulmonary function
testing, which was performed at more than 6 months
after surgery (range, 6 to 156 months; median, 52), were
available in 18 patients and are shown together with the
preoperative data in Table 2. Both vital capacity and
forced expiratory volume in 1 second were reduced
significantly after resection. Both values, however, were
maintained at 89% and 84% of preoperative values,
respectively. The results were not significantly different
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between patients who received lobectomy or wider re-
section (n = 11). The performance status after surgery
was unchanged in all patients. The nutritional status of
these patients was good and was not different before and
after surgery.

Postoperative chemotherapy was administered to all
patients. Positive sputum finding was observed in 2
patients after resection but became negative after post-
operative chemotherapy. In 1 patient (no. 11), MAC-
positive sputum detected after surgery became negative
4 months later while on chemotherapy. In another pa-
tient (no. 20), contralateral MAC lesions regressed after
the resection of a large cavitary lesion.

Comment

The management of MAC pulmonary infection has made
progress since the introduction of oral macrolides, and
quinolones antibiotics. However, recent reports indicate
that the medical treatment of MAC remains challenging.
The conversion rates of sputum cultures from positive to
negative with clarithromycin-containing regimens has
been reported to be between 54% and 87% [4-8]. More-
over, reported recurrence rates after conversion range
between 20% and 44% [4, 5, 7, 8]. Therefore we performed
this retrospective study to evaluate the role of surgical
resection after chemotherapy containing macrolides and

quinolones,
Qur main surgmal md.lcahon is the persistence of
localized lesi it istration of multiple drugs

listed earlier. Desplle the administration of clarithromy-
cin for 6 to 37 months in 18 patients who had cavitary or
bronchiectatic lesions, the MAC lesions had persisted;
and these organized MAC-infected lesions were uncon-
trollable by drug therapy alone, including clarithromy-
cin. As recommended by several others [9, 10], we pro-
ceeded with surgical treatment early, when medical
treatment appeared ineffective, before the lesions had
become inoperable. In all our patients, the findings of
MAC in the sputum became negative after surgery.
Compared with reported postoperative conversion rates
between 87% and 100% [9-13], our favorable results may
attributable to the early performance of surgery.

Reports of long-term results of medical treatment for
MAC pulmonary disease are very few. In the study of
Kobashi and colleagues [14], the response rate of 115
patients treated according to proposed guidelines (rifam-
picin plus ethambutol plus streptomycin plus clarithro-
mycin) was significantly better than that before the
guidelines were established in primary MAC disease.
However, poor outcomes, namely, “worsening” and
“death,” were still high in secondary MAC disease, at
23.1% and 103%. Although our follow-up is shorter,
complete resection appeared to improve prognosis.

The MAC diseases were found at health maintenance
examination in 10 asymptomatic patients of 22 (45%) in
this series. The other 12 patients had mild symptoms.
Because we performed surgery at an early stage of the
disease, the rates of wedge or segmental resections were
higher than reported by others. None of our patients
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required a pneumonectomy, and none suffered a major
postoperative complication. Reported rates of major
complications, such as bronchopleural fistulae and respi-
ratory failure, associated with more invasive surgery,
have been 0% to 42% [9-13]. Therefore, it appears im-
portant to avoid invasive surgery, such as pneumonec-
tomy, if possible. Both vital capacity and forced expira-
tory volume in 1 second after resection were reduced
slightly in this series. The performance status after sur-
gery, however, was maintained even in lobectomy cases.

Our surgical procedures did not routinely include
thoracoplasty, even after upper lobectomy, which was
performed in 4 of our patients. We performed thoraco-
plasty in a single patient, who presented with a huge
residual pleural space. Several authors [10, 13] have
recommended muscle flaps to buttress the bronchial
stump, and obliterate the empty space after
pneumonectomy.

We performed three thoracoscopic wedge resections in
this series of patients. Although it is a less invasive and
technically easier procedure, resections of bronchiectatic
lesions with secure surgical margins are difficult. Wedge
resection was performed mainly for small cavitary lesion
keeping enough margin along the bronchial wall with
palpation in this series. Therefore, we limited our thora-
coscopic wedge resections to one side and performed
minithoracotomies on the other side in 1 patient (no. 4).

We observed 2 noteworthy patients, in whom con-
tralateral lesions improved without organizing pulmo-
nary changes, after resection of large cavitary lesions. We
hypothesize that the resection of major bacterial foci may
facilitate the chemotherapeutic management of lesions
not associated with cavities or bronchiectasis.

In conclusion, we recommend that surgical treatment
of MAC pulmonary lesions be performed before the
disease becomes too advanced, and difficult to resect.
Patients treated with a clarithromycin-containing regi-
men for more than 6 months for MAC pulmonary disease
with cavitary or bronchiectatic lesions, even when
asymptomatic, should be viewed as candidates for sur-
gery, as it is associated with low morbidity and mortality.
In extensive disease, after the resection of major cavitary
bacterial foci, the contralateral lesions can be further
managed postoperatively by chemotherapy.
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PROGNOSIS OF SURGICALLY TREATED THYMIC EPITHELIAL TUMORS

Hirohisa Horinouchi, Keisuke Asakura, Yoshishige Kimura, Ken Takeuchi, Masafumi Kawamura,
Masazumi Watanabe, Keisuke Eguchi and Koichi Kobayashi
Department of Surgery. Keio University School of Medicine, Tokyo, Japan

This study was performed to clarify the prognosis of patients with surgically treated thymic epithelial tu-
mors. The records of 131 patients who underwent surgical treatment during 1985-2005 were retrospectively
reviewed. Pathologic review was done according to the WHO classification of tumors of the thymus. Patients
characteristics were : 76male and 55fimale ; average age 53 (range 20-80) years ; tumor stage was stage 1 in 42,

| stage IT in 43, stage II1 in 23, stage IVa in 15, stage IVb in 1, and thymic careinoma (squamous cell carcinoma)
in 7 based on Masaoka's staging. There were 7 cases of type A, 23 of type AB, 30 of type Bl 27 of type B2, 29
of type B3, and 15 of type C. Surgical procedures performed were 5 partial resections, 5 tumoretomies, 5
thymectomies, 65 extended thymectomies, 4 tumorectomies plus adjunctive resections of surrounding tissue.
and 51 extended thymectomies plus tumorectomies plus adjunctive resections of surrounding tissue including
the pleura, pericardium, lung, and great vessels. Five-, 10-, and 15-year survival rates by Masaoka stage were
100%, 100%. and 100% in stage I;100%, 100%, and 87.5% in stage IT; 100%, 87.5%, and 87.5% in stage III;
71.1%, 53.3%, and 53.3% in stage [Va:and 429%, 42.9%. and 0% in thymic carcinoma. The prognosis of pa-
tients with stage IVa and thymic carcinoma was thus significantly poorer compared with that in the other
groups. According to the WHO classification, the 5- year survival rate of type A was 100%, and the 5-, 10-, and
15-year survival rates were 100%, 100%, and 100% in type AB;100%, 100%, and 750% in type B1;92.6%,
86.4%, and 86.4% in type B2:955%, 955%, and 81.8% in type B3; and 57.1%, 429%, and 0% in type C. The
survival rate of patients with type C was the poorest and there was a significant difference between type C
and all other groups,

The prognosis of patients with thymic epithelial tumors after resection is thought to be determined by
histologic classification and clinical invasiveness. In particular, patients with type B3 and type C thymomas
should be considered for multidisciplinary treatment.

not? ] Thorac Cardiovasc Surg. 117 : 628—630, 18) MBES, BIAEA, WEA—, 1 REURK
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Anti-High-Mobility Group Box Chromosomal
Protein 1 Antibodies Improve Survival of Rats
with Sepsis

Koichi Suda, MD," Yuko Kitagawa, MD, PhD,' Soji Ozawa, MD, PhD,’

Yoshiro Saikawa, MD, PhD," Masakazu Ueda, MD, PhD," Masahito Ebina, MD, PhD,2?
Shingo Yamada, PhD,* Satoru Hashimoto, MD, PhD,® Shinji Fukata, MD, PhD,®
Edward Abraham, MD,” Ikuro Maruyama, MD, PhD,® Masaki Kitajima, MD, PhD,’
Akitoshi Ishizaka, MD, PhD®

' Department of Surgery, School of Medicine, Keio University, Shinanomachi 35, Shinjuku-ku, Tokyo 160-8582, Japan
2Department of Respiratory Oncology and Molecular Medicine, Department of Thoracic Surgery, Institute of Development,
Aging and Cancer, Tohoku University, Sendai, Japan

*Department of Pathology, Tohoku University School of Medicine, Sendai, Japan

“Central Institute, Shino-Test Corporation, Kanagawa, Japan

“Department of Anesthesiology and Intensive Care, Kyoto Prefectural University of Medicine, Kyoto, Japan
SDepartment of Surgery, National Center for Geriatrics and Gerontology, Aichi, Japan

" Division of Pulmonary Sciences and Critical Care Medicine, University of Colorado Health Sciences Center,

Denver, CO, USA

®Department of Laboratory and Molecular Medicine, Kagoshima University, Kagoshima, Japan

®Department of Internal Medicine, School of Medicine, Keio University, Tokyo, Japan

Abstract

Background. High-mobility group box chromosomal protein 1 (HMGEB1) has recently been
shown to be an important late mediator of endotoxin shock, intraabdominal sepsis, and acute
lung injury, and a promising therapeutic target of severe sepsis. We sought to investigate the
effect of antibodies to HMGB1 on severe sepsis in a rat cecal ligation and puncture (CLP)
model.

Methods: Adult male Sprague-Dawley rats underwent CLP and then were randomly divided into
two groups: treatment with anti-HMGB1 polyclonal antibodies, and non-immune |gG-treated
controls. The serum HMGB1 concentrations were measured at ten time points (preoperatively,
and postoperatively at 4, B, 20, 32, and 48 h and at 3, 4, 5, and 6 days). Hematoxylin-eosin
staining, elastica-Masson staining, and immunohistochemical staining for HMGB1 were per-
formed on the cecum and the lung to assess pathological changes 24 h after the CLP pro-
cedure.

Results: Treatment with anti-HMGB1 antibodies significantly increased survival [55% (anti-
HMGE1) vs. 9% (controls); F < 0.01]. The serum HMGB1 concentrations at postoperative hours

This work was supported, in part, by Heallh Sciences Research
Granls (Comprehensive Research on Aging and Health 14-015) from
the Ministry of Labor Health and Welfare, Japan.
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20 and 32 of the anti-HMGB1 antibody-treated animals were significantly lower than those of the
controls (P < 0.05). Treatment with anti-HMGB1 antibodies markedly diminished the pathological
changes and the number of HMGB1-positive cells in the cecum and the lung.

Conclusions: The present study demonstrates that anti-HMGB1 antibodies are effective in the
treatment of severe sepsis in a rat model, thereby supporting the relevance of HMGB1 eradication

therapy for severe sepsis.

H igh-mobility group box chromosomal protein 1
(HMGB1) is an abundant, highly conserved cellular
protein that binds to DNA and stabilizes nucleosome
formation, facilitates gene transcription, and regulates the
activity of sterold hormone receptors."™ It has recently
been shown to be a crucial late mediator of endotoxin
shock, fecal peritonitis, and acute lung injury, and is a
promising therapeutic target of severe sepsis.'™

Cecal ligation and puncture (CLP) is a commonly used
experimental animal model of sepsis.>” This model most
closely resembles bowel perforation, with tissue necrosis
leading to polymicrobial infection similar to the scenario of
acute peritonitis. CLP in rodents results in an early hy-
perdynamic phase which is followed by a hypodynamic
phase, as in human sepsis.? Because HMGB1 is actively
released into the serum by activated monocyte/macro-
phages and passively diffuses from necrotic cells, CLP
animals have two possible sources of HMGB1: mono-
cyte/macrophages activated by bacterial peritonitis, and
necrotic cecum,*"

In 2004, Yang et al'? reported that—in a murine
CLP model—treatment with anti-HMGB1 antibodies and
imipenem after CLP surgery significantly increased
survival. In the present study, we have modified the
conventional CLP model by preserving the feeding ar-
tery and the drainage vein. In this model, severe bac-
terial peritonitis was observed without necrosis of the
ligated cecum. We hypothesized that anti-HMGB1 anti-
bodies alone would be effective in modified CLP sepsis
and that anti-HMGB1 antibodies would be effective in
animals other than mice. The present study was
therefore designed to assess whether anti-HMGB1
antibodies alone would have protective effects in a
clinically relevant rat sepsis model without necrosis of
the cecum.

MATERIALS AND METHODS

Animals

Male B8-week-old specific pathogen-free Sprague-
Dawley rats, each weighing 250-300 g, were purchased

from CLEA Japan (Tokyo, Japan). The animals were al-
lowed to acclimate for 7 days before use in the Labora-
tory Animals Center, Keio University School of Medicine
under standard temperature and light and dark cycles.
The rats had access to chow and water ad libitum
throughout the study. All procedures were performed with
the approval of the Laboratory Animal Care and Use
Committee at Keio University School of Medicine.

Cecal Ligation and Puncture

To establish live intraabdominal infection and sepsis,
we subjected the rats to the CLP procedure.>® The ani-
mals were first anesthetized by intramuscular injection of
ketamine (40 mg/kg of body weight), and a 20-mm midline
incision was made to expose the cecum. The cecum was
mobilized, ligated below the ileocecal valve while pre-
serving the blood flow of the cecum, then a 5.0-mm blade
incision was made at the tip of the cecum. The cecum was
replaced in its normal intraabdominal position and the
wound closed with a running suture. All animals received
saline-solution (0.9% subcutaneously, 5.0 mli/kg of body
weight) resuscitation immediately after the surgery.

Antibody Production

Isolation of HMGB1 from porcine thymus
chromatin

Porcine HMGB1 was obtained from porcine thymus.
HMGB1 was extracted with 0.75 M HCIO, and by frac-
tioned precipitation with acetone. Samples were purified
by ion-exchange chromatography, (CM-sephadexC25;
Pharmmacia, Uppsala, Sweden) and analyzed by poly-
acrylamide gel electrophoresis.

Production of anti-HMGB1 polyclonal antibody
and control IgG antibody

Porcine HMBG1 was used as immunogen. Hens were

injected with porcine HMGB1, and IgG was purified from

egg yolk.'®' The titration of the antibodies purified was

carried out by enzyme-linked immunosorbent assay

(ELISA). These anti-HMGB1 polyclonal antibodies were
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prepared as previously described." Control 1gG anti-
bodies were purified from non-immunized egg yolk.

Experimental Design

After CLP was performed on Sprague-Dawley rats,
they were subcutaneously injected with anti-HMGB1
antibodies (10 mg/kg of body weight) or control antibod-
ies (10 mg/kg of body weight) in a total volume of 500 4l
of sterile saline 15 min after CLP surgery. The dosage of
the anti-HMGB1 antibodies was determined based on the
least amount that could completely neutralize 3 ng/mL of
serum HMGB1 (i.e., the maximal serum HMGB1 con-
centrations of the control animals) for 24 h in vitro
(unpublished data). The dosage of the control antibodies
was determined to be the same as that of the anti-
HMGB1 antibodies. Each group contained 11 animals.
Survival was monitored every 4 h for the subsequent
10 days. All of the animals were dissected at death or
sacrifice, and intraabdominal and intrathoracic findings
were recorded. The surviving animals were killed with
diethyl ether on postoperative day (POD) 10.

Measurements

Blood samples (0.6 mL) were collected from the jugular
vein under anesthesia by intramuscular injection of keta-
mine (40 mg/kg of body weight), centrifuged, and stored at
-80°C. The serum HMGB1 concentrations were measured
at ten time points [preoperatively, and postoperatively at
hours (POH) 4, 8, 20, 32, 48, and atdays (POD) 3, 4, 5, and
€ by enzyme-linked immunosorbent assay (ELISA; Central
Institute, Shino-Test, Kanagawa, Japan))."®

Histological Evaluations

Cecal ligation and puncture and antibody treatment
were performed on two groups of three Sprague-Dawley
rats in the same manner as described above. The sur-
viving animals were killed with diethyl ether 24 h after the
surgery, and the cecal tissues and the pulmonary tissues
were removed from the animals and processed for his-
tologic studies. Hematoxylin-eosin (H&E), elastica-Mas-
son (EM), and immunohistochemical staining for HMGB1
were performed.

Immunchistochemistry

Formalin-fixed, paraffin-embedded tissues from rat
specimens were cut into 4-um sections. Each section was
mounted on a silane-coated glass slide, deparaffinized,
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and soaked for 15 min at room temperature in 0.3%
H-0,/methanol to block endogenous peroxidase. Trypsin
(Nichirei, Tokyo, Japan) treatment for 10 min at room
temperature was performed for antigen retrieval. A mur-
ine anti-HMGB1 monoclonal antibedy (Central Institute,
Shino-Test) was applied for 12 h at 4°C. The primary
antibody was visualized using the Histofine Simple Stain
MAX-PO(M) kit (Nichirel, Japan) according to the
instruction manual.'® The slide was counterstained with
hematoxylin.

Statistical Analysis

Survival at 10 days was compared by Kaplan-Meier
analysis and by log rank statistics, with a P value of less
than 0.05 considered to indicate a statistically significant
difference. To identify the impact of treatment with anti-
HMGB1 antibodies on the time course of changes in
serum HMGB1 concentration, we compared the serum
HMGB1 concentrations of the animals treated with anti-
HMGB1 antibodies (n = 11) and controls (n = 11) at ev-
ery time point. The comparisons between the data were
made with a non-parametric Mann-Whitney U-test, with a
P value of less than 0.05 considered to indicate a sta-
tistically significant difference. To assess the efficacy of
treatment with anti-HMGB1 antibodies, an analysis was
also performed with the “last observation carried forward"
method."” The statistical analyses were performed with
the Statview 5.0 and SAS statistical analysis package
(SAS Institute, Cary, N.C.).

RESULTS

Survival Rates

Of the 11 animals treated with anti-HMGB1 antibodies,
six survived for 10 days, but only one of the animals
treated with control antibodies survived for that same
period. A significant difference between the two groups
was seen when the whole period of follow up was com-
pared with Kaplan-Meier analysis and log rank test
(P < 0.01) (Figure 1).

Time Course of Changes in Serum HMGB-1
Concentrations

Serum HMGB1 concentrations of the controls in-
creased during the first 20 h postoperatively and re-
mained higher than 2 ng/ml thereafter. In contrast, serum
HMGB1 concentrations of the animals treated with anti-
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Figure 1. Treatment with ant-HMGB1 antibodies improved
survival in CLP rats. Survival was analyzed In Sprague-Dawley
(SD) rats subjected to CLP, and the treatment with anti-HMGB1
antibodies was started 15 min after CLP surgery. Data are
shown as percentages of animals surviving (n = 11 in each
group). The whole period of follow up is compared with a
Kaplan-Meier analysis and log rank test (P < 0.01). @, anti-
HMGE1 antibody-treated group; ®, controls.
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Figure 2. Serum HMGB1 concentrations of the animals treated
with anti-HMGB1 antibodies were significantly lower than those
in the controls at POH 20 and POH 32. Data are shown as
means + SEM of 11 rats in each group. The comparisons
between the data al every time point were made with a non-
parametric Mann Whitney Uttest, with P values < 0.05 consid-
ered to indicate a statistically significant difference. @, anti-
HMGB1 antibody-treated group; =, controls.

HMGB1 antibodies were significantly lower than in the
controls at POH 20 and POH 32, and they remained
lower than 0.3 ng/ml (Figure 2).

At POH 4, the serum HMGB1 concentration in the
controls had markedly increased (n = 11; median: 2.7 ng/
ml; interquartile range: 0-11.5 ng/ml), while it had in-
creased to a much lesser extent in the ant-HMGB1
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Figure 3. To assess the efficacy of traatment with ant-HMGB1
antibodies, we performed an analysis with the “last observation
carried forward” method. The levels of the animals treated with
anti-HMGB1 antibodies were found to be significantly lower than
those of controls (P < 0.05 by a non-parametric Mann-Whitney
UHtest).

antibody-treated animals (n = 11; median: 0.2 ng/ml; in-
terquartile range: 0-0.55 ng/ml); however, this difference
was not statistically significant. Of note, serum HMGB1
concentrations in control animals who died by POH 4
were remarkably high (n = 5; median: 18.5 ng/ml; inter-
quartile range: 3.6-82 ng/ml).

The kinetics of serum HMGB1 concentrations tended
to correspond with the development of clinical signs of
sepsis, such as piloerection, diminished activity, loss of
exploratory behavior, and appetite loss. Although most
controls developed these signs by POH B and suc-
cumbed by POD 2, anti-HMGB1 antibody-treated ani-
mals were observed to be more alert and active, and only
one death occurred after POH 16, as shown in Figure 1.

At the time of death or sacrifice, serum HMGB1 levels
in animals treated with anti-HMGB1 antibodies were
significantly lower than those of controls (P < 0.05 by the
“last observation carried forward" method) (Figure 3).

Intraabdominal and Intrathoracic Findings at the
Time of Death or Sacrifice

In both the anti-HMGB1 and control groups, all the
animals that died after CLP showed findings typical of
diffuse peritonitis, including severe inflammation around
the punctured cecum and a large amount of fecal and
suppurative ascites. Macroscopic alveolar bleeding and
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pleural effusion were observed in the thoracic cavity of
the controls, but such findings were not observed in the
anti-HMGB1 antibody-treated animals. In contrast, in
both groups, there were no deaths after POD 10. In the
surviving animals, the tip of the cecum was covered with
intestine and intraabdominal fat tissue, and no foci of

acute inflammation or ascites were observed. No
remarkable findings were observed in the thoracic cavity
or the lungs of the animals who survived POD 10.

The cecums of all the animals both dead and sacrificed
were not necrotic but atrophic. No necrosis was observed
based on preserving the blood flow of the ileocolic artery
and vein according to H&E staining of the cecum of a
control at POD 10. No differences were detected be-
tween the cecum of the control surviving for 10 days and
that of the anti-HMGB1 antibody-treated animals surviv-
ing for 10 days.

Histopathological and Immunohistochemical
Findings of the Cecum and the Lung at POH 24

H&E staining of the cecum of the controls showed
marked Infiltration of inflammatory cells into the subse-
rosa (Figure 4A). The cytoplasm of the erosive mucosa
and both nuclei and cytoplasm of many of the inflam-
matory cells were positively stained for HMGB1 (Fig-
ure 4B). Destruction of the pulmonary cell walls,
migration of inflammatory cells, and pulmonary hemor-
rhage were present in the lungs of controls (Figure 4C).
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Figure 4. Histological and
immunohistochemical findings in
controls. A. H&E staining of the
cecum (original magnification, 40x).
B. Immunohistochemical staining of
HMGB1 in the cecum (original
magnification, 400x). C. Elastica-
Masson staining of the lung (original
magnification, 40x). D.
Immunohistochemical staining of
HMGRB1 in the lung (original
magnification, 400x).

In control animals, a large number of HMGB1-positive
alveolar macrophage-like cells were present, as were
epithelial cells with positive nuclear staining (Figure 4D).

In animals treated with anti-HMGB1 antibodies, H&E
staining of the cecum and EM staining of the lung showed
almost no destructive or inflammatory changes (Fig-
ure 5A, C). Much fewer HMGB1-positive cells were de-
tected in the cecum and the lungs in the anti-HMGB1
antibody-treated group (Figure 5B, D).

DISCUSSION

Our study yielded two major findings. First, treatment
with anti-HMGB1 antibodies after CLP prolonged survival
in rats without any antibiotics. Second, serum HMGB1
levels of the controls dramatically increased as early as
4 h after CLP, even though HMGB1 has been considered
to be a late mediator of sepsis.

In a previous study, we clarified that the surgical
stress of transthoracic esophagectomy itself induced the
increase in serum HMGB1, even in patients without
complications, and that elevations in HMGB1 might play
a contributory role in the development of postoperative
organ system dysfunction.’® Moreover, the patients with
sepsis after esophagectomy showed significantly higher
serum HMGB1 levels.'® We proposed that because
serum HMGB1 concentrations increased later than
inflammatory cytokines, such as IL-1f, and IL-6, modu-
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lating serum HMGB1 concentrations would be more
likely to have wider therapeutic windows than modulat-
ing serum inflammatory cytokines with the aim of
effecting a decrease in surgical stress and an improve-
ment in postoperative clinical courses.'® With respect to
cytokine modulation in esophagectomy, only preopera-
tive administrations of corticosteroid, ulinastatin, and
gabexate mesilate have been reported to be effec-
tive."®*#' Warking under the consideration that postop-
erative modulation of serum HMGB1 concentrations
might be effective in improving postoperative clinical
courses and preventing postoperative complications, we
attempted to develop a modified CLP model without
antibiotics as a model of systemic inflammatory re-
sponse syndrom (SIRS)-related multiple organ dysfunc-
tion syndrome and to administer anti-HMGB1 antibodies
to the model immediately after CLP surgery. In the
present study, we developed a modified CLP rat model
without necrosis of the cecum by preserving the blood
flow of the ileocolic artery and vein. Serum HMGB1
concentrations of the control group rose within 8 h fol-
lowing surgery and were maintained at high concentra-
tions for a period of time, and so we chose
subcutaneous injection of anti-HMGB1 antibodies rather
than intravenous injection. Because treatment with
anti-HMGB1 antibodies alone after CLP significantly
prolonged survival in rats without any antibiotics, it is
possible to speculate that HMGB1 eradication therapy
immediately after surgery may offer a clinically relevant
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~— Figure 5. Histological and

- immunchistochemical findings in anti-
. HMGB1 antibody-treated group. A.
. H&E staining of the cecum (original
. magnification, 40x), B.
. Immunohistochemical staining of
HMGE1 in the cecum (original
magnification, 400x). C. Elastica-
Masson staining of the lung (original
magnification, 40x). D.
Immunohistochemical staining of
HMGB1 in the lung (original
magnification, 400x).

prophylaxis or early intervention to surgical stress-in-
duced organ dysfunction in high-risk cases.

In these experiments, we evaluated the therapeutic ef-
fects of anti-HMGB1 antibodies in terms of survival, serum
HMGB1 concentrations, and histological changes in the
cecum and the lungs. All deaths occurred early, and the
marked difference in survival occurred prior to POH 20,
actually at POH 12. Serum HMGB1 concentrations of the
controls, especially in animals that died, dramatically in-
creased by POH 4, whereas, serum HMGB1 concentra-
tions in anti-HMGB1 antibody-treated animals were
significantly suppressed at POH 20 and 32, but this sup-
pression did not begin unti POH 8. At POH 24, the
inflammatory changes and HMGB1 expression in the ce-
cum and the lungs of the anti-HMGB1 antibody-treated
animals were much less than those of the controls. Taken
together, these data demonstrate that: (1) anti-HMGB1
antibodies administered subcutaneously 15 min after CLP
surgery started to neutralize local and serum HMGB1
between POH 4 and 8 and suppressed both the local
inflammatory response as well as inflammation in remote
organs, thereby resulting in an improvement in survival;
(2) in anti-HMGB1 antibody-treated animals, neutraliza-
tion of serum HMGB1 as well as suppression of both local
and remote Inflammation led to suppression of serum
HMGB1 concentrations at POH 20 and 32. In the modified
CLP model without antibiotics, serum HMGB1 concen-
trations elevate relatively earlier than in conventional
models with sepsis.">'? Although statistically significant
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differences between the anti-HMGB1 antibodies-treated
group and the control were not found for serum HMGB1
concentrations at POH 4 because of the large deviation,
serum HMGB1 concentrations did increase much earlier
and higher in those animals destined to die than in those
destined to survive. Moreover, treatment with anti-
HMGB1 antibodies significantly prolonged survival. These
results suggest that HMGB1 plays a critical role in the
induction of the septic physiology around POH 4 and
POH 8 in this model.

All animal deaths occurred by POH 58, with none after
that, indicating that anti-HMGB1 antibodies did not
merely delay death but conferred lasting protection
against lethal sepsis.™® Some control animals survived
even without antibiotic treatment. We consider that those
controls did well because of the adhesion of the intestines
and intraabdominal fat tissue to the perforated cecum.
Given that possible scenario, the rats treated with anti-
HMGB1 antibodies might have provided time to allow the
formation of such adhesions when serum HMGE1 con-
centrations were maintained below the lethal level,
thereby resulting in a greater possibility of recovery from
CLP-induced peritonitis.

HMGE1 has recently been recognized as an important
late mediator in sepsis.'™'2 According to Wang et al>, in
systemic inflammatory responses inflammatory cytokines
such as TNFa and IL-1§ appear in serum transiently,
while HMGB1 appears later in the serum as a persistent
response. This is the reason why HMGB1 is called a “late
mediator”. However, the timing of the initial elevation of
serum HMGB1 concentrations differs according to the
cause of the insults. In murine models of endotoxemia,
serum HMGB1 was first detectable 8 h following the
administration of an LD50 dose of endotoxin.’® In a
murine CLP model, serum HMGE1 levels began to in-
crease significantly 18 h after the induction of peritoni-
tis.>'2 In murine liver ischemia-reperfusion models,
serum HMGE1 concentrations began to elevate as early
as 6 h after surgery.®

In the present study, serum HMGB1 concentrations of
the controls, especially in animals that died, dramatically
increased by POH 4, although other early-acting media-
tors, such as TNFx and IL-1fi, could not be measured
because of the limited volume of the blood samples. This
result might partially be due to the difference in the cause
of the insults and partially to the absence of antibiotic
therapy. It is possible that inflammation In CLP rats not
treated with antibiotics developed more rapidly than in
those treated with antibiotics and, as a result, serum
HMGB1 concentrations began to increase at time points
earlier than B8 h after CLP surgery. Because macro-

1761

phages stimulated by endotoxin in vitro began to produce
HMGB1 4 h after the stimulation, this result did not con-
flict with the results reported in other studies.' Further
investigations are required to define the relative phase of
the elevation of HMGB1 in comparison with that of other
cytokines in the modified CLP model.

We developed the CLP mode! without necrosis of the
cecum by preserving the blood flow of the ileocolic artery
and vein. It has been reported that HMGB1 is actively
secreted by monocytes and macrophages following
stimulation with lipopolysaccharide, TNF-xz, or IL-1f,
whereas it is passively released from necrotic
cells." 3112325 HMGB1 secreted actively by the
inflammatory cells has also been reported to be struc-
turally different from the HMGE1 released passively by
necrotic cells, which is a potent adjuvant.! Future studies
may be necessary to elucidate possible differences in
function between HMGE1 released from monocyte/mac-
rophages and HMGB1 released from necrotic cells.
Conventional CLP models develop both bacterial perito-
nitis and cecal necrosis, but the report of Yang et al.’® on
the effect of anti-HMGB1 antibedies in mice subjected to
conventional CLP did not distinguish between the source
of HMGB1. Consequently, the present study therefore
provides novel insights into the function of HMGB1 since
these experiments were performed in the absence of any
necrosis.

In conclusion, anti-HMGB1 therapy appears to be
effective in the treatment of severe sepsis. These results
provide impetus to future investigations examining the
kinetics of change in serum HMGB1 levels in response to
various kinds of insults and also to studies aimed at
elucidating the difference between the inflammatory re-
sponse due to bacterial peritonitis and the inflammatory
response due o necrosis.
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